ABSTRACT. In this paper, on a general finite interval, the inverse problem of recovering the potential function for a fractional diffusion equation with new spectral parameter, called the nodal point, is given. Furthermore, using Mittag Leffler function, asymptotic formulas for nodal points and nodal length for a fractional diffusion equation are also found.
Introduction
Fractional calculus is 'the theory of derivatives and integrals of any arbitrary real or complex order which unify and generalize the notions of integerorder differentiation and − n fold integration ' Kilbas et al. (2006) , Podlubny (1999) . It has been in the minds of mathematicians for 315 years and still contains many questions. Firstly, the idea of this area appeared in a letter by Leibniz to L' Hospital in 17 th century, Podlubny (1999) . N. Sneddon, S. G. Samko, T. J. Osler, E. R. Love, and many others Boumenir and Tuan, (2010a and b) , Chechkin et al. (2003) , Freiling and Yurko (2001) and Gorenflo et al. (2002) . Fractional diffusion equations have been investigated in a lot of different physical situations. These equations are widely applicable because many scenarios exist in which they find relevance. Furthermore, inverse spectral analysis involves the problem of restoring a linear operator from some of its spectral parameters Isakov (1993 Isakov ( , 2006 , Levitan and Gasymov (1964) , Levitan and Sargsjan (1975) , Levitan (1987) , Jaulent and Jean (1972) . Currently, inverse problems are being studied for certain special classes of ordinary differential operators. In recent years, Hald and McLaughlin (1989) have taken an inverse problem approach to the following problem:
The inverse nodal problem lies in the use of nodal points of the eigenfunctions of (1)-(3) as spectral parameters. Hald and McLaughlin (1989) and Browne and Sleeman (1996) proved that one can use the nodal points to determine the potential function of regular Sturm-Liouville problem. In the last years, the inverse nodal problem and fractional calculus for Sturm Liouville problem has been studied by several authors Browne and Sleeman (1996) , Yang (1997) , Cheng et al. (2000) , McLaughlin (1988) , Bas (2013), Koyunbakan and Panakhov (2007) , Gasymov and Guseinov (1981) . Tuan (2011) proved that by taking suitable initial distributions only finitely many measurements on the boundary were required to recover uniquely the diffusion coefficient of one dimensional fractional diffusion equation. His method was based on possibility of extracting the full boundary spectral data from special lateral measurements. The purpose of our study is to give the inverse problem of recovering the potential function for the fractional diffusion differential equation by using nodal datas Hald and McLaughlin (1989) . Now, let's give the preliminaries and notations regarding to the fractional calculus Kilbas et al. (2006) , Podlubny (1999) . 
Preliminaries and notations
is said to be in space
, 1 ?− α in the following, the expression two of the most commonly encountered tools in the theory and applications of fractional calculus are provided by the Riemann-Liouville operator 
One and two-parameter function of the Mittag-Leffler is defined by the series expansion, in the following form, respectively, ( ) 
As mentioned above, Vu Kim Tuan obtained inverse problem for fractional diffusion equation in Tuan (2011) . In the present study, we will define the inverse problem for the same equation by using nodal datas. In the following for the operation and content integrity, firstly we will give the basic concepts for the equation.
Consider the 1-dimensional fractional diffusion equation defined by 
where:
is the Caputo fractional derivative Tuan (2011) .
Here the solution u depends on the lateral boundary conditions. One may rewrite main four cases for the direct problem, i.e. 
is a solution of the Sturm-Liouville problem at
are the eigenvalues and eigenfunctions of the boundary value problem (8) with the boundary condition
In all cases, n α shows the , 0 π Proof: Let
The asymptotic formulas, Levitan and Gasymov (1964) , Levitan and Sargsjan (1975) , Levitan (1987) , for the solution ( )
by differentiating the last equation, we get
and the eigenvalues
where: 
Let
.
∞ = h
Then the asymptotic formulas, Levitan and Gasymov (1964) , Levitan and Sargsjan (1975) , Levitan (1987) 
For the eigenvalues we have, Levitan and Gasymov (1964) , Levitan and Sargsjan (1975) , Levitan (1987) 
Consequently,
The Mittag-Leffler function is bounded Kilbas et al. (2006) ,
We have now, by the Cauchy-Schwartz inequality, The uniform convergence of the series (11) and (12) )
Approximately, we rewrite last equation as follows: (21) and (22) , 0 π ∈ r We now select a subsequence of nodes from the dense set. If the subsequence tends to zero, then the right side of (27) is equal to zero. Then we obtain the following equations: , 0 π
Conclusion
In this paper, we have extended the scope of the inverse nodal problem by proving the uniqueness theorem for the fractional diffusion equation. We obtain the uniqueness of the potential function for the diffusion equation by using nodal data and fractional calculus.
